Hypertension represents a major global health burden. While older individuals of African descent are at higher risk of hypertension in western countries, epidemiological data on hypertension in older native Africans are scarce. We assessed the prevalence and the level of awareness and control of hypertension among older adults in Central Africa. A total of 1990 individuals 65 years of age and older from the Republic of Congo and the Central African Republic participated into a cross-sectional population-based survey. Hypertension was defined by self-reporting of on-going treatment and/or systolic (SBP)/diastolic (DBP) blood pressures at rest being ≥140 and/or 90 mmHg. Controlled hypertension was defined as treated hypertension with SBP <140 mmHg and DBP <90 mmHg. The overall prevalence of hypertension was 61.1%. Among hypertensive people, 46.7% were aware of their condition and 17.3% were treated. Among the latter 23.8% had their hypertension controlled.
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According to the United Nations, the number of persons 65 years of age and older is expected to more than double by 2035, from 608 million in 2015 to 1.2 billion in 2035 [1] . Almost a quarter (23%) of the total global burden of disease is attributable to disorders in people aged 60 years of age and older, among whom cardiovascular diseases (CVDs) are the leading contributors to the burden of disease.
Among CVDs, hypertension is the leading cause of mortality and morbidity [2] . one of the global non-communicable disease targets of the World Health Organization is to lower the prevalence of raised blood pressure by 25% by 2025 [4] . However, a global increase in the prevalence of hypertension in low-income countries is now being observed, notably in Sub-Saharan Africa [3] .
In the United States, the prevalence of hypertension is more than 60% among older people and is higher in older African-Americans when compared to non-Hispanic whites [5] . Ethnic differences cannot be explained solely in terms of socio-economic status [5] , suggesting the involvement of other factors. It is therefore important to know more about the epidemiology of hypertension in older native Africans.
Several community-based epidemiological studies on hypertension were conducted in Africa [6] .
Most were carried out in adults and reported prevalence for the ≥65 age group [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Only one study in rural Tanzania was specifically conducted on the elderly and reported a prevalence of hypertension of 70% in people over 70 years of age [17] . To our knowledge, no data from older populations in Central Africa are still available.
We thus aimed at estimating the prevalence of hypertension among elderly people from urban and rural areas in the Central African Republic and the Republic of Congo. Factors associated with hypertension, awareness of hypertension, and control of hypertension were also examined.
METHODS

Study population
Our study population consisted of participants in the EPIDEMCA (Epidemiology of Dementia in Central Africa) program, a multicentre population-based cross-sectional survey among adults aged 65 years of age and older in rural and urban areas in the Central African Republic and the Republic of Congo which was conducted between November 2011 and December 2012. Its main objective was to M A N U S C R I P T
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4 assess the prevalence of dementia and to investigate risk factors. Exclusion criteria were refusals and the presence of severe comorbidities which precluded an interview and/or cognitive testing. The study areas included the capitals of the Central African Republic (Bangui) and the Republic of Congo (Brazzaville), and two rural regions (Nola in the Central African Republic and Gamboma in the Republic of Congo). The sample size was estimated a priori at 500 in each study site. In urban areas, the participants' selection was carried out stratified by city subdivision, with individuals sampled randomly proportional to the population. In rural areas, exhaustive sampling using a door-to-door approach was used due to logistic and financial constraints. The detailed methodology is described in an open-access publication [20] . France. All participants and/or their families gave informed consent prior to inclusion in the study.
Ethics
Written consent was obtained where feasible. For people who were illiterate, the study's objectives were verbally explained and consent was obtained by thumbprint.
Hypertension definition
Systolic and diastolic resting blood pressures were recorded twice for each arm at 5-minutes intervals with the participant in a supine position, using a standard mercury sphygmomanometer. The average of the four measurements was used in the analyses. Hypertension was defined by self-reporting of ongoing treatment or systolic blood pressure (SBP) at rest ≥140 mmHg and/or diastolic blood pressure (DBP) at rest ≥90 mmHg [21] . Controlled hypertension was defined as treated hypertension with SBP <140mmHg and DBP <90 mmHg. Participants were considered aware of their hypertension if they were hypertensive and responded positively to the following question: "Have you ever been told that you had hypertension?"
Other data
Socio-demographic data included age, sex, marital status (never married, living with someone as a couple, widow, divorced/separated), primary education (yes/no), previous occupation M A N U S C R I P T
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(employee/government employee, craftsman/storekeeper, farmer/breeder/fisherman), country (Central African Republic, Republic of Congo) and area (urban, rural). Age was ascertained from official documents, by using historical events [22] , or from an informant.
Tobacco use was assessed, and participants were classified as never smokers, past smokers, current smokers (including cigarette, cigar and pipe), or partaking in other modes of tobacco use (snuff, chewing tobacco, intrarectal use). Participants were physically active if they walked or cycled at least 150 minutes the previous week. Body mass index (BMI) was calculated by dividing weight in kilograms by height in meters squared and rounded to 1 decimal place. Weight was measured to the nearest 100g on mechanical scales with a weighing capacity of 10 to 150 kg (Seca ® , Hamburg, Germany). Height was measured to the nearest centimetre using a carpenter meter along a surface as flat as possible, such as a door or wall. If height could not be measured because the participant could not stand upright, height was evaluated using the knee height (KH). KH was measured to the nearest centimetre on the right leg with the participant in a supine position using Chumlea's formula for nonHispanic Black people as follows: height (cm) = 79.69+(1.85*KH (cm))-(0.14*age (year)) for men and height (cm) = 89.58+(1.61*KH (cm))-(0.17*age (year)) for women [23] . Cholesterol was measured from plasma aliquots in the Biochemistry department of the Limoges University Hospital using standard procedures. Hypercholesterolemia was defined as being above 5.3 mmol/L. Diabetes was defined as currently taking antidiabetic drugs or having a fasting glycaemia ≥126 mg/dl or 2-h plasma glucose ≥200 mg/dl in non-fasting participants [24] .
Nutritional variables consisted of the daily number of meals (categorized in 1, 2 or 3 meals or more) and several anthropometric measurements used as proxies for fat mass. The triceps skinfold thickness (TST) was measured three times to the nearest 0.2 mm on the right arm according to Lohman standard procedures with an Harpenden calliper [25] . The average of the three measures was used in the calculation. The mid-upper arm circumference (MUAC) was measured on the right arm to the nearest 1 mm with a non-stretch tape at a level midway between acromion and olecranon. Abdominal obesity was defined as a waist-hip ratio (WHR) above 0.90 for males and 0.85 for females [26] . Alcohol consumption was assessed using the following question: "How many doses of alcohol do you drink in a normal week?" One dose of beer was assumed to be 33 cl; liquor 25 ml, and local drinks 500 ml.
From these data, we generated the number of units of alcohol (UA) consumed in a normal week (1 UA = 10 g). Alcohol consumption was then categorized as abstainers (0 UA/week consumed in a normal week); light consumers (0-14 UA/week for females and 0-21UA/week for males) and moderate-to-heavy consumers (>14 UA/week for females and >21UA/week for males).
Data analysis
We first described sample characteristics, reporting the prevalence and corresponding 95% confidence intervals (CIs). Because of their non-normal distribution, quantitative variables (age, BMI, SBP and DBP) were categorized using median and interquartile ranges. Comparisons were carried out using the Chi-square test for categorical variables or Kruskal-Wallis test for continuous variables. The
Cochran-Armitage Trend Test was used to test for trends.
Factors associated with hypertension were determined using logistic regression models. For description purposes, we computed unadjusted odds ratios (OR). The associations were then adjusted for socio-demographic factors: age, sex, country, area, marital status and previous occupation (model 1). Cardiovascular risk factors -i.e. tobacco use, BMI, physical activity, hypercholesterolemia and diabetes were additionally adjusted for the second model (model 2). In the third model (model 3), nutritional factors (i.e. the number of daily meals and alcohol consumption) were also adjusted for.
Age and BMI were used as continuous variables because the linearity hypothesis could not be rejected. In complementary analyses, we replaced BMI successively by MUAC, TST and abdominal obesity. MUAC and TST were included as continuous variables as the log-linearity could not be rejected. We used the natural logarithm of MUAC to verify the assumption of log-linearity. The level of significance was fixed at 0.05 for all analyses. Statistical analyses was carried out using Stata version 10.1 for Windows (StataCorp, College Station, TX).
RESULTS
Study population
Of the 2113 subjects 65 years of age and older who were approached, 111 declined to participate in the EPIDEMCA study, and data for hypertension were missing for 12 participants, resulting in a total M A N U S C R I P T
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Prevalence of hypertension
The overall prevalence of hypertension was 61.1% (95%CI: 58.9-63.2), with the prevalence of hypertension being higher in the Republic of Congo (68.0%) compared to the Central African Republic (53.7% -p<0.001) ( Table 1) . When stratified by study location, the prevalence of hypertension was significantly higher in urban areas than in rural areas (58.4% vs 48.6%; p=0.002) in the Central African Republic, while this comparison was not significant in the Republic of Congo (p=0.057) (Figure 1 ). The prevalence of hypertension was also higher in women than in men (63.9% vs. 56.5%; p=0.001). Furthermore, the prevalence of hypertension increased significantly with age in 
Factors associated with hypertension
The univariate analysis indicated that increasing age, female sex, increasing, living in the Republic of Congo, living in an urban area, being widowed, previous occupation other than employee, increasing BMI, hypercholesterolemia, eating more than one meal a day were associated with an increased likelihood of hypertension ( Table 2) . The past or current use of tobacco and physical activity were associated with a lower likelihood of hypertension. In the full model (model 3), increasing age, living in the Republic of Congo, occupation, increasing BMI and eating more than one meal a day remained significantly associated with an increased likelihood of hypertension, while the past or current use of tobacco and physical activity remained associated with a lower probability ( Table 2) .
Complementary analyses showed a higher likelihood of hypertension in the case of obesity when using alternate proxies of fat mass (Table 3) .
Prevalence of awareness, treatment and control
Among hypertensive participants, 46.9% (95% CI: 44.1-49.7) were aware of their hypertension ( Figure 3 ). Awareness did not differ between men and women (43.6% vs. 48.7%; p=0.094), decreased with age (p-trend = 0.008), was lower in the Central African Republic compared to the Republic of Congo (34.5% vs. 56.1%; p<0.001), and was lower in rural compared to urban areas (42.6% vs. 50.7%; p=0.005). All these associations remained significant in the multivariate analysis (Table 4) . observed between men and women (p=0.107); however, the prevalence of people receiving treatment decreased with age (p-trend=0.014), was lower in the Central African Republic compared to the Republic of Congo (8.3% vs. 24.0%; p<0.001) and was lower in rural areas compared to urban areas (12.6% vs. 21.4%; p<0.001). These associations persisted in the multivariate analysis (Table 4) .
Of the participants treated for hypertension, less than a quarter (23.8%, 95% CI: 17.9-29.6) had their blood pressure controlled (4.1%, 95% CI: 2.9-5.2, of the total hypertensive participants) (Figure 3 ). This percentage decreased with age (p-trend=0.006), but did not differ significantly between sexes (p=0.315), country (p=0.419), or urban and rural areas (p=0.157). The same results were observed in the multivariate analysis (Table 4) .
DISCUSSION
To our knowledge, this large population-based study is the first investigation of the prevalence and associated factors of hypertension in the elderly in Central Africa. As hypothesized, hypertension is highly prevalent in elderly populations (61%).
Epidemiological data on hypertension in the elderly in Africa are still scarce. We found only one study specifically conducted in elderly people over the age of 70, reporting a prevalence of 70% in rural Tanzania [17] . Other studies reported the prevalence of hypertension in people aged 65 and over [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , ranging from 34.5% in urban Kenya [15] to 88.0% in urban Senegal [13] .
The disparity in prevalence between the Republic of Congo (68.0%) and the Central African Republic (53.7%), two neighbouring countries, may be related, in part, to differences in socio-economic levels, African studies [27] [28] [29] has been decreasing over the last 20 years [6] .
Our results confirm some previously observed associations, such as increasing age [6, 30] , sedentary lifestyle [31] , and BMI [32] being associated with an increased prevalence of hypertension. The association between obesity and hypertension may differ according to fat distribution, with visceral fat more strongly associated with hypertension when compared to subcutaneous adipose [32] ; however, an association between peripheral fat mass (as measured using WHR) as well as abdominal fat mass (as measured using TCT) and the prevalence of hypertension were both observed.
Unexpectedly, this study observed that tobacco users, usually found as at higher risk of CVD [33] , were less likely to be hypertensive. This result was also observed in one study conducted in adults in Turkey [34] , but direct comparisons are difficult as settings are different. This finding may be explained by selection bias due to premature death of hypertensive smokers, as the current study was carried out among older adults far beyond the average life expectancy in the studied countries; however, further investigation is required.
In our study, alcohol consumption was not significantly associated with hypertension, although it is a well-known risk factor [35] . The results from sub-Saharan African studies on the risk relationship between alcohol consumption and hypertension are mixed; some studies, primarily in South Africa, observed an association [36] , while other studies emanating from other sub-Saharan African countries observed no significant association [37] . All these studies are hardly comparable since the setting, the assessment mode of alcohol consumption assessment age at inclusion are different. As with tobacco use, a survival bias could in part also explain this lack of an association between alcohol and hypertension.
We also found no significant association between high cholesterol and hypertension. The prevalence of hypercholesterolemia in our sample (around 10%) is low compared to studies from Western countries, although African populations have been observed to have lower total cholesterol levels than do Caucasians [28, 38, 39] . Accordingly, some researchers have suggested specific thresholds for the definition of hypercholesterolemia in African populations [39] . The lack of data on cholesterol subtypes due to logistic constraints is a limitation of our study.
The consumption of three or more meals daily was associated with a higher likelihood of M A N U S C R I P T
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hypertension, even when adjusted for obesity and physical activity. This observation may be due, in part, to the consumption of three or more meals per day being correlated with socio-economic status and, thus, a resulting increase in the intake of salt and fat which are both important risk factors for hypertension [40] .
In our study, only less than one-half of hypertensive participants were aware of their condition. Only one-fifth took antihypertensive treatments, and among them, less than one-quarter had their hypertension controlled. Few studies have reported awareness of hypertension, treatment of hypertension and controlled hypertension in older adults in Africa. Firstly, among 1553 hypertensive individuals 70 years of age and older in rural Tanzania, 37.1% were aware of their condition, 6.1% of the total sample were treated for hypertension, and less than 1% had controlled hypertension [17] .
Secondly, a study in Kenya observed that 29.1% of hypertensive individuals 60 years of age and older were aware of their condition, 56.6% of individuals aware of their condition were treated for hypertension and 21.6% of treated hypertensives had their hypertension controlled [41] . Lastly, a study of adults 65 years of age and older in rural and urban areas of Uganda found that 38.0% of adults were aware of their hypertension [18] . The prevalences of those who were aware of their hypertension and those with controlled hypertension were higher in this study when compared to other studies from sub-Saharan Africa. An explanation for these differences could be variances in socio-economic levels and in access to health care between countries. Despite differences between countries and studies, the findings of this study, in combination with other studies' findings, suggest the need to improve awareness and access to health services for the screening and treatment of hypertension in Central Africa.
The current study has several limitations. The definition of hypertension is based on two sets of measurements taken in a 15-minute interval in a single visit. No ambulatory pressures were available.
We cannot exclude the possibility of a white coat effect. Furthermore, blood pressure was measured with the participants in the supine position, a method that yields lower blood pressure values than would be observed if participants were than in the recommended sitting position, especially for DBP readings. [42] . This may thus underestimate the prevalence of hypertension in our study. However, participants were asked to lie down to facilitate a number of other measurements, including ankle-M A N U S C R I P T
11 brachial index to detect peripheral artery disease (the results are reported elsewhere [43] ). Due to the cross-sectional design of the study, the temporal nature of the associations could not be assessed, and selection bias by survival cannot be totally excluded. We also cannot exclude the existence of recall bias, especially for nutritional factors but we believe it is limited since informants were interviewed alongside participants, and we cannot expect any systematic bias regarding their association with hypertension. Furthermore, data on salt intake were not available, and thus were not adjusted for in this study.
In terms of public health, our findings highlight the urgent need for hypertension screening, treatment and control in elderly African populations to limit or prevent the expected huge CVD burden, as such populations will grow substantially in the near future. Furthermore, older individuals are not yet targeted by health programs in sub-Saharan Africa, as the focus of health priorities is on children, childbearing women, and people living with HIV/AIDS [44] . Moreover, primary healthcare systems are not prepared to the extent required to properly manage older adults who often present with several comorbidities.
CONCLUSIONS
This large multicentre study confirms the high prevalence, low awareness and low control of hypertension in older men and women in Sub-Saharan Africa, with disparities in different countries and areas related to the different distribution of CVD risk factors and to differences in socio-economic levels. Due to the combination of an aging population and the westernization of the lifestyle (fat-and salt-rich diets and sedentary lifestyles), major public health interventions are warranted in these countries. The present results highlight the need for blood pressure monitoring in older adults in Africa, a population which will grow substantially in the next few decades. Decreasing blood pressure at a population level, particularly in older adults, is required to curb the predicted escalating increase of CVD events [40] . 
